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(54) Abstract lltl* 

Substrate-triggering electrostatic discharge protection circuit for d*«p-«ubmteron Integrated circuits 

(57) A substrata-triggering electrostatic discharge <£SD> protection circuit is provided for us© on a 
deep-submicron integrated circuit for ZSD protection. The ESD protection circuit \s incorporated between an 
mpot pad IP and the input stage 10 of the Internal circuit 45 of an integrated circuit formed on a substrate, and 
comprises an NMOS transistor Nl and resistor FO coupled to ground. The substrate of the transistor N1 is 
coupled to the substrate of a field oxide device <fOO) F1 also connected between the input pad 10 and ground. 
The FOD F1 includes a lateral parasitic bipolar junction transistor (LBJT) the base of which is formed from the 
FOD substrate. ESD stress causes snapbacJc breakdown In transistor Nl which generates substrate current 
which triggers LfJJT and turns on FOD Fl to bypass ESD currant to ground, so protecting the gate oxide in The 
Input stage. The FOD F1 may be replaced by e second NMOS transistor. A further embodiment includes two 
PMOS transistors in addition, 
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SUBSTRATE-TRIGGERING ELECTROSTATIC DISCHARGE PROTECTION 
CIRCUIT FOR DEEP-SUBMICRON INTEGRATED CIRCUITS 



5 BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

This invention relates xo semiconductor technologies, and more particularly, to 
an substrate-triggering electrostatic discharge (ESD) protection circuit for use on a deep- 
submicron integrated circuit for ESD protection of the internal circuit thereof against 

10 ESD stress. 

2. Description of Related Art: 

In the fabrication of integrated circuits, electrostatic discharge (ESD) is a major 
problem that can cause damage to the internal circuit of the integrated circuits. One so- 
lution to this problem is to incorporate an ESD protection circuit through an on-chip 

1 5 method oa the input/output (UO) pads of CMOS (complementary metal-oxide semicon- 
ductor) devices. However, as the semiconductor fabrication technologies have advanced 
to the deep-subroicron level of integration, the conventional ESD protection circuit is no 
longer suitable for use to provide adequate ESD robustness. This problem will be illus- 
tratively depicted in the following with reference to FIGs. 1-3 

20 FIG. 1 is a schematic circuit diagram of a conventional ESD protection circuit 

connected to the input stage 10 of the internal circuit of an integrated circuit. As shown, 
an ESD protection circuit, which includes a field oxide device (FOD) Fl. a resistor Rt . 
and a gate-grounded MMOS transistor Ml, is incorporated between an input pad IP and 
the input stage 10 (which is a CMOS device including a pair of serially connected 
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PMOS transistor and NMOS transistor). The FOD Fl has a drain connected to the input 
pad IP and a source connected to the ground V ss The resistor Rl is connected be ween 
the input pad IP and the input stage 10 The NMOS transistor Ni has a drain connected 
10 the node between the resistor Ri and the input stage 10, a source connected to the 
5 ground V tt . and a gate tied to the source to be connected together to the ground V M 
When an over-stress \oUage due to £SD is applied to the input pad IP. it will pass 
through the resistor Rl to the gate oxide of the paired PMOS transistor and NMOS tran- 
sistor in die input stage 10. In order to suppress the over-stress voltage across the gate 
oxide, the gate-grounded NMOS transistor Nl is specifically designed to operate in its 

10 breakdown mode so that the ESD current can be bypassed to the ground V^. However, 
when the integrated circuit is fabricated by deep-submicron technologies, the gate oxide 
will be formed with a very thin thickness for high-speed and low«voltage operation. 
This thin thickness will cause the breakdown voltage of the gate oxide in the input stage 
10 to be significant^ lowered. In this case, in order to allow the ESD protection circuit 

15 to be nonetheless effective, it is required thai the breakdown voltage of the gate- 
arounded NMOS transistor Nl should be lower than the breakdown voltage of the gate 

hp 

oxide in the inpur stage 10. To achieve this, however, the channel length of the gate- 
grounded NMOS transistor N l should be made as short as possible so as to provide the 
desired low breakdown voltage However, a short channel length will then undesirably 
20 make the gate-grounded NMOS transistor Nl less vvithstandabie to a high ESD stress. 
The provision of the resistor Rl is a solution to this problem, in that it can reduce the 
ESD current flowing through the gate-grounded NMOS transistor Nl. The greater the 
resistance of the resistor Rl. the better con the resistor Rl suppress the ESD current 
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3 

flowing through the gate-grounded NMOS transistor Nl. However, a large resistance 
for the resistor RI will then undesirably cause a considerable time delay to the signal 
being transferred from the input pad IP to the input stage 10 of the associated integrated 
circuit, causing a degrade in the performance of this integrated circuit. From the fore- 
5 going description, it can be learned that the use of the ESD protection circuit of FIG I 
in an 1C will encounter a number of tradeoff problems in the design of this ESD protec- 
tion circuit. 

In the circuit of FIG. I, the FOD Fl is used to pick the ESD current in the input 
pad IP. This FOD Fl is formed without an LDD (lightly-doped drain) structure, so that 

10 it has a higher strength to withstand ESD current than the gate-grounded NMOS tran- 
sistor NL In practice, if the FOD Fl is fabricated by the 0.5 urn CMOS technology, it 
would be twice greater in ESD robustness than the gate-grounded NMOS transistor Nl 
thai has the same layout area. If the FOD Fl is formed with a long channel length, it can 
have a higher breakdown voltage than the gate-grounded NMOS transistor N I The 

15 breakdown voltage of the FOD Fl can therefore be closely equal to or greater than the 
breakdown voltage of the gate oxide in the input stage 10. Therefore, the combination of 
the FOD Fl with the gate-grounded NMOS transistor N I can provide an ESD protection 
capability for the input state 10 of the integrated circuit. 

From recent researches, it has been found that the bias voltage applied to the 

20 substrate of the integrated circuit can be used to raise the ESD robustness. FIG. 2 is a 
graph showing the various l^ (drain-to-source current) versus V as (drain-to-source volt- 
age) characteristics of the FOD Fl and gate-grounded NMOS transistor Nl in the circuit 
of FIG 1 when operated in breakdown mode for various substrate bias voltages. As 
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shown, the plot indicated by the reference numeral 20 is the I os -V DS characteristic of the 
sat^erounded NMOS transistor N I when its subsrrate is biased at 0 V (volt) r which has 
a second breakdown point as indicated by the reference numeral 21; the plot indicated 
by the reference numeral 22 is the 1 qs - v ds characteristic of the FOD Fl when its sub- 
5 straw is biased ac 0 V {volt), which has a second breakdown point as indicated by the 
reference numeral 23, and the plot indicated by the reference numeral 24 is the I DS -V os 
characteristic of the FOD Fl when its substrate is applied with a bias voltage of 0.8 V 
(volt), which has a second breakdown point as indicated by the reference numeral 25 It 
can be clearly learned from the characteristic plots of FIG 2 that the position of the sec- 

10 ond breakdown points of the FOD Fl and gate-grounded NMOS transistor Nl can be 
affected by the applied substrate bias. 

The ESD robustness of the FOD can be appraised by obtaining the relationship 
between the second-breakdown current L» and the substrate bias voltage V s& . FIG. 3 is a 
graph in which the solid circular dots represent the f ti - v sB characteristic of the FOD Fl 

15 in FIG I when it is fabricated by a 0.5 pirn CMOS technology, and the hollowed square 
box represents the I (2 -V SB characteristic of the gate-grounded NMOS transistor Nl in 
FIG 1 The magnitude of [ r3 in each unit width of the channel in the FOD Fl can be 
raised through an adjustment in the forward bias voltage to the substrate. From FIGs 2 
and 3, it can be learned that the magnitude of U in the NMOS transistor Nl with a 0-V 

20 substrate bias is about 4 8 raA/jun. For the FOD FU when a 0 V bias voltage is applied ; 
to the substrate thereof, the magnitude of l t . therein is about 9 0 mA urn: and vxhen a j 

! 

0.8- V bias voltage is applied, the magnitude of ^ therein will be raised to about 18.2 ! 

; 

mA/um, which is four times larger than that of the gate-grounded NMOS transistor Nl 
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with a 0-V substrate bias, and two times larger than that of die FDD when applied with 

a 0.8-V substrate bias 

Fundamentally, the ESD robustness of an ESD protection circuit is substantially 
proportional to the magnitude of the second-breakdown current I c - Roughly speaking, 
5 the ESD robustness of the ESD protection circuit in human body mode (HBM) is about 
equal to the multiplication of the magnitude of the second-breakdown current with the 
value of the standard discharge resistance in HBM f i.e., U500 n. Therefore, if the sub- 
strate of the FOD is applied wiih a suitable bias voltage, it can provide a relatively large 
ESD robustness with just a small layout area on the integrated circuit. 

10 

SUMMARY OF THE INVENTION 
U is therefore an objective of the present invention to provide a substrate- 
triggering ESD protection circuit, which is particular^ designed for use on a deep- 
submicron integrated circuit to provide a high ESD protection capability. 
15 It is another an objective of the present invention to provide a substrate- 

triggering ESD protection circuit, which can be used in an integrated circuit fabricated 
by the CMOS technology without requiring the use of additional processes to provide 
the desired ESD protection capability. 

In accordance with the foregoing and other objectives of the present invention, a 
20 substrate-triggering ESD protecuon circuit for use on deep-submicron integrated circuits 
is provided. 

In one aspect of the invention, the ESD protection circuit includes the following 
constituent elements 



233*241 A.. »..* 
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(a) an input stage connected between the input pad and the interna] circuit of the 
integrated circuit; 

(b) an NMOS transistor having a drain connected to the input pad. a gare con- 
nected 10 the ground, and a source connected to a common node. 

5 (c) a resistor connected between the common node and the ground; and 

(d) an FOD (field oxide device) having a parasitic LBJT (lateral bipolar junction 
transistor) formed therein, and said FOD having a drain connected to the input pad and a 
source connected to the ground. 

In the foregoing ESD protection circuit, the substrate of said FOD and the source 
1 0 and substrate of said NMOS transistor are connected together to the common node; and 
the parasitic LBJT has a collector formed from the diakn of said POD and an emitter 
formed from the source of said FOD. and a base formed from the substrate of said FOD 

In another aspect of the invention, the ESD protection circuit includes the fol- 
lowing constituent elements: 
15 (a) an Input stage connected between the input pad and the internal circuit of the 

integrated circuit; 

(b) a first NMOS transistor having a drain connected to the input pad, a gate 
connected to the ground, and a source connected to a common node, and the substrate of 
said first NMOS transistor being connected to the common node; 
20 (c) a resistor connected between the common node and the ground, and 

(d) a second NMOS transistor having a parasitic LBJI formed therein, and said 
second NMOS transistor having a drain connected to the input pad. a source connected 
to the grounds and a gate connected to the ground. 
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In the foregoing ESD protection circuit, the substrate of said second NMOS 
transistor and the source and substrate of said first NMOS transistor are connected to- 
gether to the common node, and the parasitic LBJT has a collector formed from die 
drain of said second NMOS transistor and an emitter formed from the source of said 
5 second NMOS transistor, and a base formed from the substrate of said second NMOS 
transistor 

In still another aspect of the invention, the ESD protection circuit includes the 

following constituent elements: 

(a) an input stage connected between the Input pad and the internal circuit of the 

1 0 integrated circuit; 

(b) a first NMOS transistor having a channel of a first semiconductor type, said 
first NMOS transistor further having a drain connected to the input pad, a gate connect- 
ed to a bias point, and a source connected to a common node, and the substrate of said 
first NMOS transistor being connected to the cornmon node; 

15 (c) a resistor connected between the common node and the bias point; and 

(d) a second NMOS transistor having a channel of the first semiconductor type, 
said second NMOS transistor further having a parasitic LBJT formed therein, and said 
second NMOS transistor having a drain connecred to the input pad, a source connected 
to the bias point, and a gate connected to the bias point. 

20 In the foregoing ESD protection circuit, the substrate of said second NMOS 

transistor and the source and substrate of said first NMOS transistor are connected to- 
gether to the common node; and the parasitic LBJT has a collector formed from the 
drain of said second NMOS transistor and an emitter formed from the source of said 
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second NMOS transistor, and a base formed from the substrate of said second NMOS 
transistor 

The invention provides an ESD protection circuit which is characterized in that 
in the design of a substrate-triggering method to trigger a parasitic LBJT in the ESD 
5 protection circuit to thereby increase the second -breakdown current for enhanced ESD 
protection. Further, the ESD protection circuit of the invention is characterized in that it 
can use a low triggering voltage for ESD protection while nonetheless providing an en- 
hanced ESD protection for the deep-submicion integrated circuit Moreover, the ESD 
protection circuit of the invention is characterized in the provision of an N-well struc- 
10 ture in the substrate, on which the ESD protection circuit and the associated deep- 
submicron integrated circuit are formed to enhance ESD protection. 



BRIEF DESCRIPTION OF DRAWINGS 
The invention can be more fully understood by reading the following detailed 
15 description of the preferred embodiments, with reference made to the accompany ing 
drawings, wherein; 

FIG. 1 is a schematic circuit diagram of a conventional ESD protection circuit; 

FIG 2 is a graph, showing the various (drain-to-source current) versus V os 
tdrain-to-source voltage) characteristics of an FOD and an NMOS transistor used in the 
20 conventional ESD protection circuit of FIG. I; 

FIG. 3 is a graph, showing the L : versus V 5B characteristics of an FOD fabricated 
by a 0 5 urn CMOS technology ; 
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FIG- 4 is a schematic circuit diagram of a first preferred embodiment of the ESD 
protection circuit according to the invention; 

FIG. 5 is a schematic cross-sectional view of a first realisation of the ESD pro- 
tection circuit of FIG 4 in the substrate of a deep^ubmicron integrated circuit, 
5 FIG. 6 is a schematic cross-sectional view of a second realization of the ESD 

protection circuit of FIG. 4 in the substrate of a deep-submicron integrated circuit,; 

FIG. 7 is a schematic circuit diagram of a second preferred embodiment of the 
ESD protection circuit according to the invention; 

FIG. 8 is a schematic cross-sectional view of a first realization of the ESD pro- 
1 0 tection circuit of FIG 7 in the substrate of a deep-submicron integrated circuit;; 

FIG 9 is a schematic cross-Sectional view of a second realization of the ESD 
protection circuit of FIG 7 in the substrate of a deep-submicron integrated circuit:; 

FIG. 10 is a schematic circuit diagram of a third preferred embodiment of the 
ESD protection circuit according to the invention: 
15 FIG II is a graph, showing the 1 DS (drain-io-sourcc current) versus V DS (drain- 

to-source voltage) characteristic of the gate-grounded NMOS transistor N I used in the 

ESD protection circuit of the invention; 

FIG. 12 is a graph, showing the I-V (current versus voltage) characteristic of a 

resistor Rl used in the ESD protection circuit of the invention; 
20 FIG. 13 is a graph, showing the I c (collector current) versus V rt (collector-to- 

emitter voltage) characteristic of the parasitic LBJT in the ESD protection circuit of the 
invention; and 
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10 

FIG 14 is a graph, showing the totally various I~V (current versus voltage) char- 
acteristics of the ESD protection circuit of the invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

5 First Preferred Embodiment 

FIG. 4 is a schematic circuit diagram of a first preferred embodiment of the ESD 
protection circuit according to the invention which is characterized in the use of a sub- 
strate-triggering feature to provide ESD protection for the internal circuit 40 of a dccp- 
subrnicron integrated circuit As shown, the ESD protection circuit of the invention is 

10 incorporated between an input pad IP and the input stage 10 of the internal circuit 40 of 
the integrated circuit. This ESD protection circuit includes a shon-channel gate- 
grounded NMOS transistor Nl.a resistor Rl. and a field oxide device (FOD) F 1 Trie 
NMOS transistor Nl has a drain connected to the input pad IP. a gate connected to the 
eround, and a source connected to one end of the resistor R 1 which has the other end 

15 connected to the ground V M . The FOD F I has a drain connected xo the input pad IP and 
a source connected to the ground V S5 The input stage 10 is a CMOS circuit consisting 
of a PMOS transistor and an NMOS transistor, which is connected between a system 
voltage V DD and the ground V $s The FOD F I has a parasitic lateral bipolar junction 
transistor (LB IT) Bi formed therein, which is drawn in dotted lines beside the FOD Fl 

20 in FIG. 4. Both the source and rhe substrate of the NMOS transistor Nl are connected to 
the substrate of the FOD FI The parasitic LBJT Bl has a collector formed from the 
drain of the FOD Fl. an emitter formed from the source of che FOD Fl. and a base 
formed from the substrate of the FOD FI . Further, the base of the parasitic LBJT B I is 
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11 



„, ..j rh# . -ource of the NMOS transistor 
connected to the node between the resistor Rl ana the source 



Nl. 



In the prior art of FIG 1, the FOD Fl will be triggered on (switched to con- 
ducting state) by causing a drain snapback breakdown therein In the Mention of FIG 

S 4. the FOD F 1 will be triggered on by first setting a suitable forward bias voltage on the 
base-emiuer junction of the parasitic LBJT Bl in the FOD F I and then using the sub- 
strate bias voltage to trigger on the paretic LBJT Bl. ^ben the FOD Fi is applied 
with a positive substrate bias voltage, the threshold voltage to trigger on the FOD Fl 
will be lower than the drain breakdown voltage of the FOD Fl. Therefore, in the event 

10 of an ESD stress, the combination of the NMOS transistor Ni and the resistor Rl can 
provide a substrate -triggering current to trigger on the parasitic LBJT B I to provide the 
desired ESD protection for the input stage 10 and the internal circuit 40 of the deep- 

submicron integrated circuit. 

When the package pins of the dcep-submicran integraied circuit receive an ESD 

15 stress, it will proceed to the input pad IP and then to the NMOS transistor Nl. thus 
causing a snapback breakdown in the NMOS transistor Nl that will then cause the gen- 
eration of a current in the substrate (referred to as substrate-triggering current) that will 
flow to the base of the parasitic LBJT Bl in the FOD F t When the breakdown current 
is flowing through the resistor Rl to the ground V,,, the potential at the substrate will be 

20 thereby raised, causing the parasitic LBJT Bl in the FOD Fl to be very quickly trig- 
gered on bv the substrate-triggering current. In this manner, the FOD Fl can be 
switched quickly into conducting state by a relative low voltage to suppress the ESD 
voltage across the gate oxide in the input stage 10, thus protecting the gate oxide in the 



PAGE 39/58* RCVD AT 5/25/2006 11:48:50 PM [Eastern Daylight Time] 1 SVfcUSPTO-EFXIff -5/17 ' DNK>:27383flO 1 CSID:17039974517 * DURATION (mnws):2M4 



To: USPTO Page 40 of 58 



2006-05-26 03:48:50 (GMT) 



17039974517 From: BINCHI CHANG 



12 

input stage 10 from being damaged b> the ESD voltage. It is apparent from the forego- 
ing description that the fundamental operation of the foregoing ESD protection circuit 
of the invention is essentially different from the prior art of FIG I . 

FIG. 5 is a schematic cross-sectional view showine a first realization of the ESD 

■v- 

5 protection circuit of FIG. 4 in the substrate of a deep-subrnicron integrated circuit which 
is fabricated by using the 0.25 urn trench-isolation CMOS technology The symmetric 
semiconductor structure of FIG 5 allows a balanced current that can help increase the 
reliability of the ESD protection circuit. As shown, the NMOS transistor N'L the resistor 
Rl t and the FOD Fl are formed on a substrate, such as a P-rype substrate 54 ? which is 
10 formed with a first N-well 50 and a second N-weU 56- 

As shown in FIG 5 f the first N-weU 50 is electrically connected to the input pad 
IP and also to the drain 52 of the N r MOS transistor Nl fot the purpose of protecting the 
drain junction of the NMOS transistor NI from being burned out. Since bv the deep- [ 
submicrcn MOS technology, the NMOS transistor Ml will be formed with a short char- j 

! 

! 

15 neL an LDD. and a silicide-based diffusion area, which would considerably weaken its I 

k 
I 

ESD protection capability. The first N-weil 50 can allow the N"MOS transistor N| to j 

■ 

provide an £$D current suppressing effect that can protect the NMOS transistor Nl ! 

4 

against ESD stress before the FOD Fl is being triggered on. The NMOS transistor Nl I 

i 

i 

can trigger on the FOD Fl through the P-type substrate 54. but it is not the primary ele- i 

i 

20 mem to bypass the ESD curreni. Therefore, the provision of the first N-well 50 would j 
not affeci the NMOS transistor N! in its triggering capability. 

The resistor Rl is realized by using the parasitic substrate resistance The second 
N-well 56 is formed in the source of the FOD Fl , which can coilect the triggering cur- 
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rem from the highly-doped P-cype diffusion area 52 to thereby apply a forward bias 
voltage to the base-emincr junction of the parasitic LBJT B I in the FOD Fl for the pur- 
pose of triggering the parasitic LBJT B I in the FOD F 1 into conducting state. The sec- 
ond N-weil 56 also can help to increase the resistance of the resistor R.1 Therefore. 
5 when the NMOS transistor N I is at the breakdown point due to an ESD stress being ap- 
plied (0 the input pad IP, the breakdown current from the NMOS transistor Nl will flow 
through the highly-doped P-type diffusion area 58 co the P-type substrate 54. The sub- 
strate-triggering current will then be collected by the second N-weH 56 in the FOD Fl to 
be thereby used to bias the base-emitter junction of the parasitic LBJT Bl in the FOD 
10 Fl . This can cause the FOD Fl to be quickly triggered into conducting state, thus by- 
passing the ESD current from the input pad I? to prevent the ESD current from flowing 
to the input stage 10, The ESD protection circuit of the invention is thus considerably 
enhanced in its ESD protection capability through the foregoing substrate-triggering 
feature. 

15 FIG: 6 is a schematic cross-sectional view showing the second realization of the 

ESD protection circuit of FIG. 4 in the substrate of a decp-submicron integrated circuit. 
This realization differs from that of FIG. 5 only in that the ESD protection circuit is here 
formed with a large-size third N-weB 60 in place of the second N-well 56 in the ESD 
protection circuit of FIG- 5. The semiconductor structure of the parasitic LBJT Bl in 

20 FIG. 6 is unsymrnetric (by contrast, the parasitic LBJT Bl in FIG. 5 has a symmetric 
structure), which makes the drain and source of the FOD Fl to be wired to the input pad 
IP and the ground in a different manner from the wiring shown in FIG- 5- In FIG. 6, the 
drain 62 (which is a highly-doped diffusion area) of the FOD F I is entirely enclosed in 
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the third N-well 60, such that the collector of the parasitic LBJT B l can be improved in 
hs characteristics to increase the ESD robustness of the FOD Fl 

Second Preferred Embodiment 

FIG 7 is a schematic circuit diagram of a second preferred embodiment of the 
5 ESD protection circuit according to the invention, which utilizes the substrate-triggering 
feature to provide a reliable ESD protection capability for the NMOS transistor formed 
with a thin oxide layer in the ESD protection circuit. 

As shown, the ESD protection circuit of this embodiment is incorporated be- 
tween an input pad IP and the input stage 10 of the internal circuit 40 of an integrated 
10 circuit. This ESD protection circuit includes a first NMOS transistor Ml. a resistor Rl, 
and a second NMOS transistor N2. The first NMOS transistor Hi here is substantially 
identical in structure and external connections to that in FIG 4 

The first NMOS transistor Nl has a drain connected to the input pad IP. a gate 
connected to the ground V ss . and a source connected via the resistor R! to the ground 
15 V ss , while the second NMOS transistor N2 has a drain connected to the input pad IP. a 
gate connected to the ground V ss , and a source tied to its gate to be connected together 
to the ground V a . Both the source and the substrate of the first NMOS transistor N 1 are 
lied together to be connected together to the substrate of the second NMOS transistor 
N2. Further, the second NMOS transistor N2 includes a parasitic LBJT Bl. as drawn in 
20 dashed lines beside the second NMOS transistor N2 in FIG. 7. The parasitic LBJT Bl 
has a collector formed from the drain of the second NMOS transistor N2. an emitter 
formed from the source of the second NMOS transistor N2. and a base formed from the 
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substrate of the second NMOS transistor N2 and is connected to the node between the 
resistor R! and the source of the first NMOS transistor N I 

In FIG. 7. the second NMOS transistor N2 is formed with a iona-channci so as 
to allow ii ro provide a high ESD current In the event of an ESD stress, the parasitic 
5 LBJT Bi in the second NMOS transistor N2 can be triggered on by the substrate- 
triggering current from the first NMOS transistor N i and resistor Ri 

FlGs. 8-9 are schematic cross-sectional diagrams showing two different realiza- 
tions of the ESD protection circuit of FIG. 7 in a deep-submicron integrated circuit fab- 

* 

ricated by the CMOS technology. 

10 Referring to FIG. 8. in the first realization, the ESD protection circuit is fabricat- 

ed on a substrate 54, such as a P-type substrate, which is formed with a first N*weU 50 
and a second N-well 56. The first N-wcll 50 can suppress the ESD current flowing 
through the short-channel NMOS transistor Nl. The second N-wells 56 can enhance the 
performance of the parasitic LBJT Bl in the second NMOS transistor N2 and the reb- 

15 ability of the second NMOS transistor N2 in ESD protection. Other structures and func- 
tions are substantially the same as those shown in FIG. 5, so detailed description thereof 
will not be repeated- 
Referring to FIG- 9, in the second realization, the ESD protection circuit of FIG. 
9 differs fiorh that of FIG. 8 only in that the second N-welis 56 in FIG. 8 is here re- 

20 placed by a large-size third N-wells 60, The third N-well 60 is dimensioned with a wider 
area extending to the channel region of the second NMOS transistor N2. which entirely 
encloses the drain 62 of the second NMOS transistor N2 therein. This provision ailows 
the breakdown voltage of the second NMOS transistor N2 to be further lowered. There- 
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fore, the ESD voltage on the input pad tP can be restricted at a lower level, thus more 
effectively protecting the thin gate oxide in the input stage of the integrated circuit. 

Third Preferred Embodiment 

FIG 10 is a schematic circuit diagram of a third preferred embodiment of the 
5 ESD protection circuit according to the invention, which is also based on the above- 
mentioned substrate-triggering feature.. As shown, the ESD protection circuit of this 
embodiment is incorporated between an input pad IP and the input stage 10 of the inter- 
nal circuit 40 of the integrated circuit intended to be ESD protected b> the ESD protec- 
tion circuit. 

10 The bottom pan of the ESD protection circuit is identical to the circuit of FIG 7 T 

including a first NMOS transistor NU a resistor Ri, and a second NMOS transistor N2, 
which are arrangement In a similar raannei as the circuit of FIG. 7 The ESD protection 
circuit of the third embodiment further includes a first PMOS transistor Pi, a second 
resistor R2, and a second PMOS transistor P2, which are arranged in a minor arrange- 

15 merit with respect to the first NMOS transistor Nl. the resistor Rl. and the second 
NMOS transistor N2- In a substantially similar manner, the first PMOS transistor Pi has 
a drain connected to the input pad IP, a gate connected to the system voitage V DD , and a 
source connected via die resistor R2 to the system voltage V 0D : while the second PMOS 
transistor P2 has a drain connected to the input pad IP. a gate connected to the system 

20 voltage V^, arid a source tied to its gate to be connected together to the system voltage 
V DD Both the source and the substrate of the first PMOS transistor Pi are tied together 
and connecred to the substrate of the second PMOS transistor P2, A parasitic LBJT B2 
exists in the second PMOS transistor P2, as indicated by the dashed-linc symbol beside 



ewsoocio. <oe. 
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the second PMOS transistor P2, The parasitic LBJT B2 has a collector formed from the 
drain of the second PMOS transistor P2, an emitter formed from the source of the sec- 
ond PMOS transistor P2, and a base formed from the substrate of ihe second PMOS 
transistor P2 and connected to the node between the resistor R2 and the source of the 
5 first PMOS transistor PI. The first NMOS transistor Nl and the resistor Rl in conjunc- 
tion can be used to trigger the second NMOS transistor N2 into conducting state through 
the substrate of the second NMOS transistor N2; and in a similar manner, the Gr$t 
PMOS transistor Pi and the resistor R2 in conjunction can be used to trigger the second 
PMOS transistor P2 into conducting state through the substrate of the second PMOS 
10 transistor P2. 

Both the second NMOS transistor N2 and the second PMOS transistor P2 are 
formed with a long channel so as to allow them to provide a large ESD current; whereas 
both the first NMOS transistor Nl and the first PMOS transistor PI are formed with a 
short channel so as to allow them to have a low snap back voltage. The complementary- 
15 design of the ESD protection circuit of FIG- 10 allows an increased level of ESD pro- 
tection capability for the input stage 10 and the internal circuit 40 of the deep-subrnicron 
integrated circuit. 

The realization of the ESD protection circuit of FIG. 10 is similar to those shown 
in FJGs, 8-9 in the second preferred embodiment, so drawings and detailed description 
20 thereof will not be given and repeated; 

Characteristics of the ESD protection circuit of the Invention 

FIG. 11 is a graph showing the I M (drain-to-source current) versus V os (drain-co- 
source voltage) characteristic of the gate-grounded NMOS transistor Nl used in ail the 
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foregoing three preferred embodiments of ESD protection circuits according to the in- 
vention. The I os -V 05 plot is indicated by the reference numeral 1 10. The snapback volt- 
aae is denoted bv V SP in the graph. By the invention, the NMOS transistor Kl is specif,- 
cally devised to operate »n the snapback region (.i.e., the region where V 05 > V s ,) so thai 
5 it can suppress the ESD voltage on the gate oxide in the input Stage 1 0. The smaller the 
snapback voltage Vy,, the higher is the resultant ESD protection capability. The NMOS 
transistor Nl can be triggered on when snapback breakdown occurs. The ftrst break- 
down point is denoted by (V,,. t„V The smaller the first breakdown-point voltage V,„ the 
higher is the ESD protection capability for the input stage 10. fundamentally, the ESD 
10 protection capability car. be enhanced by the following provisions, forming the NMOS 
transistor Nl with a short channel, a low snapback voltage V SI> , and a small first break- 
down-point voltage V., . 

FIG 12 a graph shoeing the I-V (current versus voltage) characteristic plot of 
the resistor Rl used in the ESD protection circuit of the invention which is realized in 
15 the P-rype substrate 54 from a PN junction. The I-V plot is indicated by the reference 
numeral 120. 

FIG. 13 is a graph showing the l c (collector current) versus V ce (coliector-to- 
emirter voltage) characteristic of the parasitic LBJT Bl in the FOD Ft used in the ESD 
protection circuit of FIG- 4 and that in the second NMOS transistor N2 used in the ESD 
20 protection circuit of FIG. 7 and FIG 10 for various magnitudes of the base current I t in 
the parasitic LBJT Bl The plot 130 represents the l c -V« characteristic of the parasitic 
LBJT Bl for t s -0 When the parasitic LBJT 31 is switched into conducting state. will 
be greater than 0; the plots 132. 134. 136 represent respectively the 1 C -V CE characteris- 
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ties of the parasitic LBJT Bl for three different levels of U in increasing order All the 
I C -V CE characteristic curves 130. 132. 134. 136 have a common second breakdown point 
at (V s , If the collector current t, exceeds the second-breakdown current I„. the de- 
vice in which the parasitic LBJT Bl re 5 ides can be permanent damaged. The value of 
5 I, ts therefore the limit for the ESD protection by the parasitic LBJT Bl. If the dev.ee 
has larger channel width and longer channel length, the value of I, will be increased 

FIG. 14 shows the total characteristics of the ESD protection circuit of the in- 
vention together in one graph for comparison purpose- In FIG. 14. the solid plot indicat- 
ed by the reference numeral 140 S ho W the total current-voltage characterise of the 
1 0 ESD protection circuit which utilizes a substrate-triggering feature for ESD protection, 
svhile the dashed curves indicated by the reference numerals 1 10. 120, 130. 132.. 134. 
136 are the current-voltage characteristics shown in FlGs. 11. U. ana 

In FIG. 14, the I-V space is divided into four regions, respective!^ denoted by I. 

II. III. and IV 

1 5 The region I is the snapbaclc region of the NMOS transistor N l . It can be seen 

that the first breakdown point in the curve 1 40 is slightly shifted to the right of the first 
breakdown point in the curve 11 0 due to the fact that the curve 1 40 here ,s the combina- 
tion of the curve 1 10 and the curve 120. 

The region II is the combination of the breakdown characteristic curves of the 

20 NMOS transistor N I and the resistor R I. It can be seen that the segment of the curve 
140 in this region is slightly shifted upwards due to the fact that the parasitic LBJT Bl 
in this region has b*en switched into conducting state so that it contributes to pan of the 
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base current. The I-V characteristic of the parasitic LBJT Bl in this region is the combi- 
nation of the curve UO, the curve 1 20. and the curve 1 32 

The region III shows the L-V characteristics of the ESD protection circuit when 
the parasitic LBJT Bi in the FGD M in FIG 4, or that in the second NTMOS transistor 
5 S2 in FlGs. 7 and 10, is triggered on (in conducting state). It can be seen that the seg- 
ment of the curve I40 in this region is shifted upwards due to the substrate-triggering 
operation. 

The region IV is the over-stress region of the parasitic LBJT Bl. In this region, 
since the current in the parasitic LBJT B i is greater than the second- breakdown current 
10 t 2r it can cause permanent darnage to the parasitic LBJT BL In design, the size of tie 
parasitic LBJT BI can be suitable devised so as to allow the second- breakdown current 
l. y to be linearly increased in proportion, thereby achieving an increased level of reli- 
ability for the ESD protection circuit The sizes of the other components in the ESD 
protection circuit can be specified depending on actual requirements. 
15 In conclusion, the invention provides an ESD protection circuit which is char- 

acterized in that in the design of a substrate- triggering method to trigger a parasitic 
LBJT in the ESD protection circuit to thereby increase the second- breakdown current 
for enhanced ESD protection. 

Further, the ESD protection circuit of the invention is characterized in that it can 
20 use a low triggering voltage for ESD protection while nonetheless providing an en- 
hanced ESD protection for the deep-submicron integrated circuit 

Moreover, the ESD protection circuit of the invention is characterized in the 
provision of an N-well structure in the substrate, on which the ESD protection circuit 
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and the associated deep-submicron integrated circuit mc formed to enhance ESD pre- 
lection. 

The invention has been described using exemplary preferred embodiments 
However, it is to be understood that the scope of the invention is noc limited to ihe dis- 
5 closed embodiments. On the contrary, it is intended to cover various modifications and 
similar arrangements The scope of the claims, therefore, should be accorded die bro- 
adest interpretation so as to encompass ail such modifications and similar arrangements. 
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CLAIMS 

What is claimed is. 

1 . Aji ESD protection circuit incorporated between an input end and an internal cir- 
cuit of an integrated circuit formed on a subsrrate. said ESD protection circuit compris- 

S ing: 

an input stage connected between the input pad and the internal circuit of the In- 
tegrated circuit, 

an NMOS transistor having a dmin connected to the input pad. a gate connected 
to the ground, and a source connected to a common node: 
10 a resistor connected between the common node and the ground; and 

an FOD having a parasitic LBJT formed therein, and said FOD having a drain 
connected to the input pad and a source connected to the ground; 

wherein the substrate of said FOD and the source and substrate of said NMOS 
transistor axe connected together to the common node, and 
15 wherein said parasitic LBJT has a collector formed from the drain of said FOD 

and an emitter formed from the source of said FOD* and a base formed from the sub- 
strate of said FOD. 

2. The ESD protection circuit of claim L wherein said input stage is a CMOS cir- 
cuit. 

20 3- The ESD protection cijeuit of claim ) . wherein said NMOS transistor is fotmed 
with a short channcl- 

4. The ESD protection circuit of claim I . wherein the breakdown voltage of said 
NMOS transistor is iowet than the breakdown voltage of said FOD. 
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5 The BSD protection circuit of claim i, wherein said substrate is a P-type sub- 
strate. 



6. An ESD protection circuit incorporated between an input end and an internal cir- 
5 cuit of an integrated circuit formed on a substrate, said ESD protection circuit compris- 
ing 

an input stage connected between the Input pad and the internal circuit ot the in- 
tegrated circuit, 

a first NMOS transistor having a drain connected to the input pad, a gate con- 
1 0 nected to the ground, and a source connected to a common node, and the substrate ot 
said first NMOS transistor being connected to the common node; 

a resistor connected between the common node and the ground; and 
a second NMOS transistor having a parasitic LBJT formed therein, and said sec- 
ond NMOS transistor having a drain connected to the input pad r a source connected to 
1 5 the ground, and a gate connected to the ground; 

wherein the substrate of said second NMOS transistor and trie source and sub- 
strate of said first NMOS transistor are connected together to the common node; and 

wherein said parasitic LBJT has a collector formed from the drain of said second 
NMOS transistor and an emitter formed from the source of said second NMOS transis- 
20 tor. and a base formed from the substrate of said second NMOS transistor. 

7 The ESD protection circuit of claim 6. wherein said first NMOS transistor is « 
formed with a short channel. \ 
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S. The ESD protection circuit of claim 6. wherein said second NMOS transistor is 
formed with a long channel 

9. The ESD protection circuit of claim 6. wherein the breakdown voltage of said 
first NMOS transistor is lower than the breakdown voltage of said second NMOS tran- 
5 sister. 

10 The ESD protection circuit of claim 6. wherein said substrate is a P-type sub- 
strate 

\\. An ESD protection circuit incorporated between an input end and an internal cir- 
cuit of an integrated circuit formed on a substrate, said ESD protection circuit compris- 
10 ing 

an input stage connected between the input pad and the internal circuit of the in- 
tegrated circuit, 

a first NMOS transistor having a channel of a first semiconductor type, said first 
NMOS transistor further having a drain connected to the input pad, a gate connected CO a 
15 bias point, and a source connected to a common node, and the substrate of said first 
NMOS transistor being connected to the common node; 

a resistor connected between the common node and the bias point; and 

a second NMOS transistor having a channel of the first semiconductor type, said 
second NMOS transistor further having a parasitic LBJT formed therein, and said sec- 
20 ond NMOS transistor having a drain connected to the input pad, a source connected to 
the bias point, and a gate connected to the bias point: 

wherein the substrate of said second NMOS transistor and the source and sub- 
scrate of said first NMOS transistor are connected together to the common node; and 
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wherein said parasitic LSJT has a collector formed from the drain of said second 
NMOS transistor and an emitter formed from the source of said second NMOS transis- 
tor, and a base formed from the substrate of said second NMOS transistor. 
12 The ESD protection circuit of claim 1 1 . wherein said channel of the first semi- 

5 conductor type is an N'-rype channel. 

13. The ESD protection circuit of claim 12, wherein said substrate is a P-rype sub- 



sirate. 

14. The ESD protection circuit of claim 1 1 , wherein said channel of the firs; semi- 
conductor cype is a P-rype channel, 

10 15. The ESD protection circuit of claim 14, wherein said substrate is an N-type sub- 
strate . 

16 The ESD protection circuit of claim 11, wherein said first NMOS transistor is 
formed with a short channel. 

1 7. The ESD protection circuit of claim 1 1 . wherein said second NMOS transistor is 

1 5 formed with a long channel. 

15. Tne ESD protection circuit of claim 1 1, wherein the breakdown voltage of said 
urst NMOS transistor is lower than the breakdown voltage of said second NMOS tran- 
sistor 

19. An ESD protection circuit substantially as hereinbefore described with 
reterence to and/or substantially as illustrated in any one of or any combination 
of Figs. 4 to 14 of the accompanying drawings. 
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